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ABSTRACT

Rationale: Globally, adverse events (AEs) are a major contributor to mortality, often arising from healthcare management
rather than patients’ underlying conditions.

Aims and Objectives: This study aimed to estimate the prevalence of AEs in three different hospitals in central-north Mexico
using the Institute for Healthcare Improvement Global Trigger Tool (IHI-GTT) method.

Method: A retrospective review of hospital discharges (July 2022 to June 2023) was conducted in three hospitals using the
IHI-GTT method. Records of patients aged > 18 years with hospital stays longer than 24 h were reviewed, with obstetric and
paediatrics cases excluded. One experienced physician performed the two-stages review process, with inter-rater reliability
assessed on 1% of records. Logistic regression analysis was used to identify factors associated with AEs.

Results: Among 3354 discharges, 36.6% (n = 1227) experienced at least one adverse event (AE), corresponding to 72.79 AEs per
1000 patient-days or 53.04 AEs per 100 admissions. Of these, 72.8% (n = 893) were preventable. The most frequent AEs were
medication errors (23.6%), intravenous line errors (23.5%), hospital acquired infections (16.4%), and surgical (9.9%). The AEs
contributed to the death of the patient in 14.6% (n =179) of cases. Risk factors for AEs included hospital transfers (OR: 1.53;
95% CI: 1.25-1.87, p < 0.001), age > 60 years (OR: 1.49; 95% CI: 1.22-1.83, p < 0.001), comorbidities (OR: 1.15; 95% CI: 1.08-1.23,
P <0.001), and longer hospital stay (OR: 1.13; 95% CI: 1.11-1.14, p < 0.001). Elective admissions showed a protective effect
(OR: 0.77; 95% CI: 0.62-0.97, p = 0.027).

Conclusion: The prevalence of AEs in Mexico, a middle-income country, is higher than previously reported. These finding
underscore a pressing public health challenge requiring targeted interventions.

1 | Introduction Organization (WHO), AEs have been identified as the third
leading cause of death in the United States and one of the top
causes of mortality worldwide [5, 6]. The burden is even greater
in middle- and low-income countries, where up to 2% of hos-
pital admissions may result in death [7]. Importantly, these

There is global interest in identifying the prevalence of adverse
events (AEs) in hospitalised patients, as they represent a critical
patient safety concern [1-4]. According to the World Health
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events arise from healthcare management rather than patients’
underlying conditions [1, 7-9]. Healthcare settings have been
described as one of the most unsafe environments in the world,
with the risk of death in some settings exceeding that of a front-
line soldier [10]. These figures underscore the critical role of
healthcare professionals, hospital administrators, policymakers
and patient safety advocates in implementing strategies to
minimise patients’ harm.

Retrospective medical records reviews have been shown to be
more accurate than voluntary reporting systems and patient
safety indicators for identifying the prevalence of AEs in dif-
ferent healthcare settings [3, 11]. The two most widely used
methods are the Harvard Medical Practice Study (HMPS)
method, which employs 18 triggers, and the Institute for
Healthcare Improvement Global Trigger Tool (IHI-GTT)
method, which incorporates 53 triggers [12]. Both methods
have been validated in diverse healthcare contexts and are
considered reliable for detecting AEs, enabling consistent
measurements and supporting their use in research and quality
improvement initiatives [3].

The HMPS method was first applied in 1984 in the United States
to estimate the prevalence and incidence of AEs [1]. Since then, it
has been replicated in multiple countries, including Australia
[8], Brazil [13, 14], Canada [9], Denmark [15], Ireland [16],
Portugal [17], Spain [18], Egypt, Jordania, Kenya, Morocco,
Tunisia, Sudan, South Africa and Yemen [7]. The Institute for
Healthcare Improvement developed the Global Trigger Tool
method in 2003, and updated it in 2009, to strengthen AEs
detection [12]. The IHI-GTT method employs a two-stage review:
in the first stage, typically a nurse screens medical records for
triggers; in the second, a physician reviews those positive triggers
to confirm the presence of an adverse event (AE). Notably, this
process can be conducted by a single experienced reviewer,
which is particularly advantageous in resource-limited settings
[19-23]. Evidence also suggest that one experienced reviewer can
identify more AEs than a team, with reliable and consistent
outcomes [19-24]. The THI-GTT method has been replicated in
diverse countries including Argentina [25], Denmark [15], Italy
[26], Norway [27, 28], Palestinian [29], South Korea [30], Spain
[20], Sweden [28], Turkey [31] and the United States [11, 32].
Moreover, Norway and Sweden have implemented it as a routine
practice in all hospitals [33]. Compared with voluntary reporting,
the THI-GTT method detects up to 10 times more AEs and is 19
times more sensitive in their identification [11, 31].

To promote safer patient care worldwide, the WHO established
the World Alliance for Patient Safety [34]. However, the evidence
on the prevalence of AEs largely originates from high-income
countries, while data from middle- and low-income countries
remain limited [7]. Furthermore, the heterogeneity of existing
studies continues to hinder accurate estimation of the magnitude
of the problem. This heterogeneity has posed a significant chal-
lenge in accurately assessing the true scale of the problem.

In Mexico, the Official Actions for Patient Safety became
mandatory for all healthcare institutions in September 2017.
These actions align with International Patient Safety Goals of
the Joint Commission International [35] and the WHO Global
Patient Safety Action Plan 2021-2030 [36]. Within this context,
the aim of this study was to explore the prevalence of AEs
in three different hospitals in central-north Mexico using the

IHI-GTT method. For this study, an AE was defined according
to the IHI-GTT method as ‘an unintended physical injury
resulting from or contributed to by medical care that requires
additional monitoring, treatment or hospitalisation, or results in
death’ [12].

2 | Materials and Methods

A retrospective medical records review study was conducted
using the IHI-GTT method [12]. The study is reported in
accordance with the Strengthening the Reporting of Observa-
tional studies in Epidemiology (STROBE) guidelines for cross-
sectional studies [37] (Supporting Information S1: Table 1).

2.1 | Setting

This study was conducted in the state of San Luis Potosi,
central-north Mexico in three hospitals, selected to represent
the diversity of healthcare institutions in the country. The
hospitals included a public tertiary teaching hospital, (Hospital
A [400 beds]), a public nonteaching hospital, (Hospital B [185
beds]), and a private hospital, (Hospital C [125 beds]) as they
provide comprehensive care in medicine, surgery, orthopaedics,
gynaecology, obstetrics and paediatrics. The hospitals are situ-
ated in the metropolitan area providing services to more than
1.1 million people. Both public hospitals provide services for
patients without social security, while the private hospital
provides services for patients with private medical insurance,
private company workers, local state level government workers
or union members. The public hospitals are accredited by the
Mexican General Direction of Quality and Health Education,
while the private hospital is certified by the Mexican General
Health Council and the Canadian Health Council. The three
hospitals have paper-based medical records.

2.2 | Sampling

Data from the three hospitals were collected from 1 July 2022 to
30 June 2023. A complete list of all discharges between these
dates was provided by the three hospital's Health Information
Department following ethics approval. In this study, the total
number of discharges was used as some patients admitted in a
given month were not discharged during the same period. In
addition, monthly data on voluntary reported AEs were
obtained from the Healthcare Quality Departments to assess
seasonal patterns, including periods when residency programs
commence or during holiday seasons. To obtain a representa-
tive sample of the population, 4 months (July and October 2022,
January and April 2023) were selected to capture variations
across the year rather than a random sample of 20 medical
records per month. Although the IHI-GTT method recommends
random sampling to support rapid estimation of baseline rates,
four predefined full months were included to allow a compre-
hensive assessment of all eligible discharges across hospitals.
The months were distributed across the calendar year to reduce
potential temporal or seasonal effects. The public teaching
hospital had 10,053 total discharges with 4876 discharges
included in the medical record review (Supporting Information
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S2: Table 2). The public nonteaching hospital had 4905
total discharges with 2370 discharges included (Supporting
Information S3: Table 3). The private hospital had 5831 total
discharges with 3127 discharges included in the medical record
review (Supporting Information S4: Table 4).

Patients aged 18 years or older with a hospitalisation of more
than 24 h, and medical records that were complete with a dis-
charge summary were included in the medical record review.
Obstetric and paediatric patients were excluded because of the
uniqueness of the care required. Records were assigned iden-
tification numbers for de-identification, and all evidence of
patient identification was removed from the extracted data.

2.3 |

The THI-GTT method has a collection data sheet that includes
six modules: care, medication, surgical, intensive care, perinatal
and emergency department. A two-stage process following the
IHI-GTT method was implemented. Forty-five triggers were
used from the original 53 (Supporting Information S5: Table 5).
A Qualtrics online research survey was created to collect the
data. Demographic data such as age, sex, admission type, length
of stay, total number of comorbidities and total number of
transfers was also recorded.

Data Collection

2.4 | Medical Record Review Process

The total number of discharges during the study period was
obtained from the Medical Records Department at each hospi-
tal. Only complete medical records were eligible for inclusion.
Medical records were reviewed using the two-stage process
described in the THI-GTT method. The review was conducted
by the first author, a clinician with extensive training and ex-
perience in trigger-based retrospective medical records review.
In the first stage, all eligible medical records were screened
using the 20-min time limit recommended by the IHI-GTT
method to determine whether an adverse event had occurred.
The medical records were reviewed in the following order:
discharge summaries, medication orders, physician notes,
nursing notes, operating theatre records (when applicable),
laboratory results and other clinical documentation. In
the second stage, medical records identified as positive for at
least one adverse event underwent an in-depth assessment by
the same reviewer. This stage involved a detailed clinical eva-
luation and event classification. It is important to note that
when a trigger was identified in stage 1 and the patient's out-
come strongly suggested an AE had occurred, but no explicit
documentation of harm was present in the medical or nursing
notes, the case was classified as having no AE.

To minimise the risk of bias, 1% of medical records were
independently assessed by a registered nurse. Despite the
THI-GTT method not recommending measuring preventability,
this information was collected. The severity was classified using
the THI-GTT method classification, which ranged from category
E to category I (Supporting Information S6: Table 6).

Ethics approval was received from the [removed for anonymity
purposes] and the Ethics Board of the Ministry of Health in the
State of San Luis Potosi, Mexico. Additionally, approval from

local institutional review boards was obtained from all three
participating hospitals.

2.5 | Statistical Analysis

Descriptive statistics were used to summarise the data, with
measures of central tendency and 95% confidence intervals re-
ported where appropriate. The percentage of discharges with at
least one AE, AEs per 1000 patient-days, and AEs per 100 ad-
missions were calculated.

For inferential analysis, a multivariable logistic regression models
were used to evaluate the associations between patient char-
acteristics (age, sex, admission type, length of stay, number of
comorbidities, and number of hospital transfers) and the occur-
rence of AEs, both stratified by hospital and in the overall model.
The general form of the model was: log (P(Y = 1)/(1-P(Y = 1))) =
ﬁO + 51XAge group + B2XSex + B?yXAdmission type + 54XLength of stay +
6SXComorbidities + BGXHospital transferss where Y = 1 indicates the
occurrence of an AE. Age was categorised into 18-39, 40-59 and
> 60 years to capture clinically relevant life stages and to provide
stable estimates within regression models. Adjusted odds ratios
(aOR) with 95% confidence intervals were estimated, controlling
for all covariates included in the model. Model calibration was
assessed with the Hosmer-Lemeshow goodness-of-fit test, group-
ing observations into deciles of predicted risk. No additional
sensitivity analyses were performed, as the results remained sta-
ble across hospital-specific and overall models. Data were com-
piled in Microsoft Excel (Microsoft Corp., Redmond, WA, USA)
and analysed using Stata version 19 (StataCorp, College Station,
TX, USA).

3 | Results

3.1 | Inter-Rater Reliability

To ensure inter-rater reliability, a random sample of 1% (n = 35)
of medical records was independently reviewed by a registered
nurse, with over 15 years of experience with the Mexican
Evaluation Model of Integrated and Quality Medical Records, a
framework used to assess the quality of medical records. Initial
agreement was 85.7% (30/35). The Cohen's Kappa coefficient
was 0.59, indicating moderate agreement. Following an in-
depth review, consensus was achieved in all cases, increasing
agreement to 100% (35/35).

3.2 | General Characteristics of the Sample

A total of 3497 medical records were eligible for review across
the three hospitals (Figure 1). Of these, 4.1% were not reviewed.
The most frequent reasons for exclusion were medical records
‘not found during the study period’ and ‘no evidence of hospi-
talisation’, which together accounted for more than 75% of all
exclusions. Detailed reasons for the excluded medical records
are presented in Table 1.

Of the 3354 medical records, 52.1% (1746) corresponded to
female patients and 47.9% (1608) to male patients. The median
age of the patients who experienced an AE was 54 years [IQR
40-70] compared to 50 years [IQR 36—64] among those who did
not. Most patients (81.6% [2736/3354]) were admitted via the
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Total number of Medical records not included in the review
discharges
(n=3,497) (n=143)
Hospital A (n=1,671)
Hospital A Hospital B Hospital C Total
Hospital B (n=772) Justification (n=84) (n=18) (n=41) (n=143)
Hospital C (n=1,054) Not found during the study period 31 6 27 64
No evidence of hospitalisation 36 7 1 44
»| Paediatric patients 8 0 6 14
v Obstetric patients 1 1 5 7
Medical records
reviewed Incomplete evidence of 5 1 0 6
(n=3,354) hospitalisation
% Hospital A (n=1,587) Duplicate medical record 3 1 0 4
o . _
Hospital B (n=754) Hospitalisation < 24 hours 0 0 2 2
Hospital C (n=1,013)
Administrative error 0 2 0 2
4
Medical records
with 21 AEs
(n=1,227)
N . _
% Hospital A (n=542)
n Hospital B (n=327)
Hospital C (n=358)
FIGURE 1 | Model architecture design used in this study. The term ‘Adverse events’ is abbreviated to AEs.
TABLE 1 | Medical records not included in the review.
Hospital A Hospital B Hospital C Total
Justification n=2384 (%) n=18 (%) n=41 (%) n=143 (%)
Not found during the study period 31 (36.9) 6 (33.3) 27 (65.9) 64 (44.7)
No evidence of hospitalisation 36 (42.9) 7 (38.8) 1(2.4) 44 (30.8)
Paediatric patients 8 (9.5) 0 6 (14.6) 14 (9.8)
Obstetric patients 1(1.2) 1(5.6) 5(12.2) 7 (4.9)
Incomplete evidence of hospitalisation 5(5.9) 1(5.6) 0 6 (4.2)
Duplicate medical record 3 (3.6) 1 (5.6) 0 4 (2.8)
Hospitalisation <24 h 0 0 2 (4.9) 2 (1.4)
Administrative error 0 2 (11.1) 0 2(1.4)

emergency department, of whom 39.7% (1088/2736) experi-
enced an AE, compared with 22.5% (139/618) of patients ad-
mitted electively. The median length of hospital stay was 7 days
[IQR 4-13] for patients with an AE versus 4 days [IQR 2-6] for
those without. The median number of comorbidities was 3 [IQR
2-4] among patients with an AE and 2 [IQR 1-3] among those
without. The median number of hospital transfers was 1 [IQR
1-1] in both groups. Baseline characteristics of patients with
and without AEs stratified by hospital are presented in Table 2.

3.3 | The Occurrence of Adverse Events

The overall prevalence of discharges with at least one AE was
36.6% (1227/3354), ranging from 34.2% (542/1587) in Hospital A
to 43.3% (327/754) in Hospital B. This corresponded to 72.8 AEs
per 1000 patient-days and 53.0 AEs per 100 admissions
respectively. The rate per 1000 patient-days accounts for both
the number of patients and their length of stay, capturing
the cumulative exposure to risk during hospitalisation; this
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measure indicates that Hospital C experienced the highest AEs
burden relative to patient-days. In contrast, the rate per 100
admissions standardised by the number of admissions regard-
less of stay duration, emphasised the proportion of patients
experiencing AEs. Hospital B ranked highest, suggesting a
greater proportion of discharges were associated with AEs, even
though the average length of stay was shorter than in Hospital
C (Table 3).

The proportion of preventable AEs was high across all hospitals,
exceeding 66%, with the highest preventability observed in
Hospital C (81.3%, 291/358). Most AEs (94.7%, 1162/1227) were
determined to have a health management-related cause. Gen-
eral mortality among all discharges ranged from 3.1% (31/1013)
to 11.8% (89/754), with an overall mortality of 5.3% (179/3354)
attributable to an AE (Table 3).

Most admissions involved a single AE, accounting for 71.9%
(882/1227) of all cases. Multiple AEs were less frequent, with
two events in 17.4% (213/1227), three events in 6.9% (85/1227)
and four or more events in 3.8% (47/1227) of discharges
(Table 4).

When more than one AE was identified, categorisation was
based on the most severe event. The most frequently identified
categories across all hospitals were category E, with 42.9% (526/
1227), and category F with 34.1% (419/1227), which together
accounted for 77.0% (945/1227) of all events. Categories asso-
ciated with more severe outcomes permanent harm (Category
G), intervention to sustain life (Category H) and patient death
(Category I), accounted for 1.3% (16/1227), 7.1% (87/1227) and
14.6% (179/1227) of AEs, respectively (Table 5).

The types of AEs were identified in the total number of iden-
tified AEs. Across all hospitals, the most frequent types of AEs
were medication errors 23.7% (421/1779) and intravenous line
errors 23.6% (419/1779), which together accounted for nearly
half of all events (47.3%, 840/1,779). Hospital-acquired infec-
tions and surgical events represented 16.4% (292/1779) and
10.0% (177/1779), respectively. Diagnostic errors (6.2%, 111/
1,779), wrong procedure (6.2%, 111/1,779) and central venous
line-related events (4.2%, 75/1779) together accounted for 16.6%
of the total. Less frequent events included pressure injuries
(2.2%, 40/1779), falls (0.9%, 16/1779) and other events (6.6%,
117/1779), such as resource limitations, technical complications
or transfusion-related reactions (Table 6).

Examples of ‘others’ AEs included resource-related problems
(e.g., lack of surgical materials, unavailability of an operating
room or specialists physician; insufficient biopsy material),
technical complications (e.g., accidental removal or need for
relocation of pleural, urinary or central venous catheters; roof
debris falling during surgery) and clinical outcomes (e.g.,
transfusion reactions, deep vein thrombosis, broncho-
aspiration, haemorrhagic stroke after transfusion, or cardiac
perforation or pneumothorax during stent placement).

Based on univariate analyses of patient and healthcare utilisa-
tion characteristics, logistic regression was used to model the
occurrence of AEs. In the overall model, patients aged
> 60 years had higher odds of experiencing an AE compared
with those aged 18-39 years (aOR: 1.49, 95% CI: 1.22-1.83,
p <0.001). No significant association was observed between
female sex and AE occurrence (aOR: 1.16, 95% CI: 0.99-1.36,
p =0.053). Elective admissions were associated with lower AE
odds (aOR: 0.77, 95% CI: 0.62-0.97, p=0.027). In addition,
longer hospital stays (aOR: 1.13 per day, 95% CIL: 1.11-1.14,
P <0.001), a greater number of comorbidities (aOR: 1.15, 95%
CI: 1.08-1.23, p<0.001), and more hospital transfers (aOR:
1.53, 95% CI: 1.25-1.87, p<0.001) were all independently
associated with higher AE risk. The model showed adequate
calibration (Hosmer-Lemeshow ¥*(8) = 9.70, p = 0.29) (Table 7).

4 | Discussion

To the best of our knowledge, this is the first study to estimate
the prevalence of AEs in hospitalised patients using the IHI-
GTT method in Mexico. Our findings indicate that the IHI-GTT
method is a practical and reliable tool for assessing the preva-
lence of AEs, with results consistent across hospitals. Impor-
tantly, involving a smaller number of experienced reviewers in
the medical record review process produced consistent out-
comes, underscoring the importance of training and expertise in
applying the tool. These results contribute new evidence from
Latin America to the global literature on patient safety and
support the feasibility of implementing structured trigger-based
methodologies in diverse healthcare systems.

This multicentre study found that more than one-third of hos-
pital discharges (36.6%, 1277/3354) were associated with at least
one AE. Of these, 72.8% (893/1227) were deemed preventable,

TABLE 3 | Distribution, preventability and outcomes of adverse events (AEs) by hospital.

Hospital A Hospital B Hospital C Total
Adverse event (AE) characteristics n=1587 (%) n =754 (%) n=1013 (%) n=3354 (%)
Patients with > 1 AE* 542 (34.2) 327 (43.3) 358 (35.3) 1227 (36.6)
AEs per 1000 patient-days 57.5 86.9 103.2 72.8
AEs per 100 admissions 51.8 62.5 47.9 53.0
Preventable AEs 361 (66.6) 241 (73.7) 291 (81.3) 893 (72.8)
AE:s related to healthcare management 500 (92.2) 315 (96.3) 347 (96.9) 1162 (94.7)
Total patient deaths** 146 (9.2) 89 (11.8) 31 (3.0) 266 (7.9)
Deaths in which an AE contributed*** 96 (6.0) 62 (8.2) 21 (2.1) 179 (5.3)

Note: *Percentages for patients with > 1 AE were calculated using the total number of medical records reviewed in stage 1 in each hospital as the denominator. Percentages
for AEs are calculated using the total number of AEs identified in each hospital. **Total patient deaths include all in-hospital mortality. ***Deaths in which an AE
contributed represent a subset of total patient deaths and do not imply direct causation. The contribution of an AE to death was determined based on reviewer judgement

following THI-GTT method guidance.
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TABLE 4

Total number of adverse events experienced per patient.

Number of adverse Hospital A Hospital B Hospital C

events (AEs) n=>542 (%) n =327 (%) n =358 (%) Total n =1227 (%)
1 385 (71.0) 224 (68.5) 273 (76.2) 882 (71.9)

2 83 (15.3) 72 (22.0) 58 (16.2) 213 (17.4)

3 46 (8.5) 23 (7.0) 16 (4.5) 85 (6.9)

4 13 (2.4) 7 (2.2) 8 (2.2) 28 (2.3)

5 12 (2.2) 0 2 (0.6) 14 (1.1)

6 1 (0.2) 1(0.3) 1(0.3) 3(0.2)

7 0 0 0 0

8 2(0.4) 0 0 2(0.2)

TABLE 5 | Categories of the 1227 patients that suffer at least one adverse event (AE) according to Institute for Healthcare Improvement Global

Trigger Tool (IHI-GTT) method.

Hospital A  Hospital B Hospital C Total
Category n=>542 (%) n=327(%) n=358(%) n=1227 (%)
E: Temporary harm to the patient and required intervention 167 (30.8) 166 (50.8) 193 (53.9) 526 (42.9)
F: Temporary harm to the patient and required initial or 227 (41.9) 76 (23.2) 116 (32.4) 419 (34.1)
prolonged hospitalization
G: Permanent patient harm 8 (1.5) 5(1.5) 3(0.8) 16 (1.3)
H: Intervention required to sustain life 44 (8.1) 18 (5.5) 25 (7.0) 87 (7.1)
I: Patient death 96 (17.7) 62 (19.0) 21 (5.9) 179 (14.6)
TABLE 6 | Type of the 1779 adverse events (AEs) identified in the 1227 patients.
Hospital A Hospital B Hospital C Total
Type of adverse event (AE) n =823 (%) n=471 (%) n =485 (%) n=1779 (%)
Medication error 200 (24.3) 106 (22.5) 115 (23.7) 421 (23.7)
Intravenous line errors 56 (6.8) 166 (35.2) 197 (40.6) 419 (23.6)
Hospital acquired infections 189 (22.9) 52 (11.0) 51 (10.5) 292 (16.4)
Surgical 124 (15.1) 26 (5.5) 27 (5.6) 177 (10.0)
Diagnostic errors 52 (6.3) 27 (5.8) 32 (6.6) 111 (6.2)
Wrong procedure 73 (8.9) 14 (3.0) 24 (5.0) 111 (6.2)
Central venous line related 41 (5.0) 27 (5.8) 7 (1.4) 75 (4.2)
Pressure ulcers 16 (1.9) 16 (3.4) 8 (1.7) 40 (2.2)
Falls 8 (1.0) 2 (0.4) 6 (1.2) 16 (0.9)
Others® 64 (7.8) 35 (7.4) 18 (3.7) 117 (6.6)

#Others is referring to: Resource-related problems (e.g., lack of surgical materials, operating room or specialists physician; insufficient biopsy material), technical
complications (e.g., accidental removal or need for relocation of pleural, urinary or central venous catheters; roof debris falling during surgery) and clinical outcomes
(e.g., transfusion reactions, deep vein thrombosis, bronchoaspiration, haemorrhagic stroke after transfusion or cardiac perforation during stent placement).

consistent with previous studies reporting preventability rates
ranging from > 60% [38] to 99% [13]. These findings highlight
the substantial and potential avoidable burden of patient harm
in Mexican hospitals, aligning with international estimates of
AEs prevalence in Argentina [30%] [39], Brazil [33.7% and
40.9%] [14, 40], Italy [20.2%] [41] Portugal [36%] [42] and the
United States [33.2%] [11]. In contrast, our results indicate a
higher prevalence than previously reported in similar econo-
mies using the HMPS method, including 8.2% in the WHO

Easter Mediterranean and African Regions [7], 10.5% in
Ibero-American countries (Argentina, Colombia, Costa Rica,
Mexico, Peru) [38] and 15.7% (Brazil) [13]. The prevalence of
AEs in this study highlights that they constitute a significant
public health problem in middle-income economies.

Regarding AEs severity, the most frequent categories identified
in this study were E and F. These categories represent less
severe forms of patient harm and are consistent with findings
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TABLE 7 | Multivariable logistic regression for factors associated with adverse events (AEs), by hospital.
Hospital A (n =1587) Hospital B (n =754) Hospital C (n=1013) Total (n =3354)
Variable aOR (95% CI) p value aOR (95% CI) p value aOR (95% CI) p value aOR (95% CI) p value
Age group
18-39 1.0 — 1.0 — 1.0 — 1.0 —
40-59 0.85 0.291 1.40 0.127 1.10 0.626 1.07 0.479
(0.64-1.14) (0.90-2.16) (0.73-1.66) (0.87-1.31)
> 60 1.21 0.198 1.48 0.072 1.55 0.043 1.49 <0.001
(0.90-1.63) (0.96-2.26) (1.01-2.37) (1.22-1.83)
Sex
Male 1.0 — 1.0 — 1.0 — 1.0 —
Female 0.87 0.260 1.45 0.020 1.41 0.019 1.16 0.053
(0.68-1.10) (1.06-2.00) (1.05-1.88) (0.99-1.36)
Admission type
Emergency 1.0 — 1.0 — 1.0 — 1.0 —
Elective 1.05 0.729 0.66 0.200 0.71 0.073 0.77 0.027
(0.76-1.46) (0.35-1.24) (0.49-1.03) (0.62-0.97)
Length of stay 1.12 <0.001 1.14 <0.001 1.25 <0.001 1.13 <0.001
(per day) (1.10-1.14) (1.10-1.18) (1.19-1.32) (1.11-1.14)
Comorbidities 1.19 < 0.001 1.27 < 0.001 1.03 0.611 1.15 < 0.001
(1.08-1.30) (1.10-1.47) (0.90-1.18) (1.08-1.23)
Hospital transfers 1.57 0.003 1.29 0.272 1.46 0.042 1.53 <0.001
(1.16-2.12) (0.81-2.07) (1.01-2.11) (1.25-1.87)

Note: aOR adjusted for variables included in the model. Model fit: Hosmer-Lemeshow x*(8) = 9.70, p = 0.29.

from previous studies in Italy [41], the United States [11],
Denmark [15], Sweden [27], Switzerland [43] and Palestine
[29]. The higher proportion of Category F events in the public
teaching hospital likely reflects differences in patient case mix,
as these institutions often manage more complex or severe
conditions requiring prolonged hospitalisation. Conversely, the
greater proportion of Category E events in the private and
public non-teaching hospitals may be related to differences in
service delivery models, patient turnover, and intervention
thresholds, where shorter lengths of stay and rapid access to
interventions may result in more cases of temporary harm
managed without extended hospitalisation. Specifically, Hospi-
tals B and C showed higher proportions of Category E events,
whereas Hospital A reported a greater proportion of Category F
events.

The most frequent types of AEs in our study were medication
errors and intravenous line errors, identified across all hospital
types. This prevalence likely reflects the frequency of these
procedures in routine care and their potential for harm in
diverse clinical contexts. This finding adds to the existing lit-
erature, as intravenous line errors have not been previously
reported as a leading cause of AEs in retrospective medical
records review. The high frequency of intravenous line errors
identified in this study differs from reports using trigger tool
methodologies, in which medication errors, hospital acquired
infections, or procedural complications were more commonly
reported. Nevertheless, as reported in a recent systematic
review, one in three (36.4%) peripheral catheters worldwide
resulted in a complication, underscoring their importance as a
source of patient harm [44]. The low frequency of intravenous

line errors documented in hospital A may reflect contextual and
organisational influences, including documentation practices.
In addition, the quality of peripheral venous catheters, supply
availability and nurse-patient ratios may have shaped the
occurrence and detection of this type of AEs. Strengthening
adherence to standardised protocols for peripheral venous
catheter selection, insertion and maintenance, together with
implementing care bundles, ensuring adequate nurse-patient
ratios, and supporting staff through training and routine mon-
itoring, could help reduce these adverse events. Hospital-
acquired infections and surgical error were the third and fourth
most frequent types of AEs in our study. These results are
partially consistent with a study conducted in two Brazilian
teaching hospitals, where hospital acquired infection [47.1%]
and surgical error [24.5%] were the most common AEs [13].
Medication errors have been reported as leading cause of AEs
in the United States [11] and the second most common in
Korea [30]. The higher proportion of hospital-acquired infec-
tions and surgical events in the public teaching hospital in our
study may be related to the complexity of cases managed,
greater surgical volumes, and the training environment, which
could introduce variability in procedural execution. In contrast, the
elevated proportion of intravenous line errors in the non-teaching
and private hospitals may indicate differences in intravenous
therapy protocols, staffing documenting patterns, the quality of
catheter material, or resource allocation for catheter care.

We identified key patient- and admission-related factors asso-
ciated with AE occurrence, with notable variation by hospital
type. Across the overall sample, older age (> 60 years), longer
hospital stay, higher comorbidity burden, and more hospital
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transfers were associated with an increased risk of AEs. These
findings align with previous research showing that patient age
> 60 years [45], patient complexity and prolonged hospitalisa-
tion elevate the likelihood of harm [30], whether through more
frequent procedures, polypharmacy or cumulative risk of
healthcare-associated infections [11]. Conversely, -elective
admission was associated with lower odds of AEs, consistent
with findings from Korea where a 3.73-fold higher risk of AEs
was observed among patients admitted through the emergency
department [30]. This association underscore the role of acute
illness severity and unplanned care pathways in influencing
patient safety outcomes.

The variation in risk profiles across hospital types highlights the
influence of institutional and contextual factors on AEs occur-
rence. For example, the association between female sex and
higher AE risk observed in public non-teaching and private
hospitals may reflect differences in the types of services pro-
vided, diagnostic pathways, or documentation practices. Simi-
larly, the association of length of stay in private hospitals could
indicate differences in discharge practices, resource allocation
or patient turnover. These findings suggest that institutional
characteristics such as staffing models, case mix, clinical
workflows and resource availability may not only affect the
likelihood of AEs but also their detection. Understanding these
patterns is critical for tailoring safety improvement strategies.
Interventions targeting high-risk patient groups, optimising
transitions of care and reinforcing documentation practices
could yield substantial reductions in AE rates that could benefit
public and private health sector.

In the present study, 4.1% (n = 146) of medical records were
not assessed for different reasons, which is lower than a
previous study [14.2%] [7]. The reasons for excluding medical
records in our study varied between hospitals, reflecting dif-
ferences in record availability, documentation practices, and
patient populations. High proportions of cases classified as
‘not found during the study period’ or ‘not evidence of hos-
pitalisation’ suggest potential gaps in record retrieval systems
or inconsistencies in hospital admission coding. This can be
minimised when the hospital has an electronic medical record
system [30].

4.1 | Strengths and Limitations

Our study has several strengths that have not been addressed in
previous studies. First, full months of discharges were reviewed
rather than a random sample of medical records, allowing
us to capture the real magnitude of the problem more
accurately. Second, it is one of the largest multicentre evalua-
tions of AEs in Latin America, encompassing diverse hospital
types, public teaching, public non-teaching, and private hospi-
tals, thus enhancing the generalisability of our findings across
different institutional contexts. Third, the use of the IHI-GTT
method, applied across all sites, ensures methodological com-
parability and supports robust cross-hospital prevalence and
severity analyses. The inclusion of both patient-level and
hospital-level variables in the regression models allowed us to
disentangle individual risk factors from system-level influences
on AEs occurrence and severity. Another strength is the
involvement of an independent physician-researcher not affili-
ated with the participating hospitals, enhancing the consistency

and reliability of findings that can inform strategies to improve
patient outcomes.

However, some limitations must be acknowledged. First, the
retrospective design, inherent to trigger tool methodology re-
lies on the completeness and accuracy of medical records;
under-documentation may have led to underestimation of AEs
rates, particularly for events with subtle clinical manifesta-
tions or those resolved without formal documentation. Second,
some medical records were not available for review in the
three hospitals. The absence of consensus in the literature
on acceptable predictive value thresholds for triggers also
limits our ability to benchmark the tools performance against
external standards. Finally, while our sample was large and
diverse, the findings may not be directly applicable to
healthcare systems with markedly different patient popula-
tions, structures or resources.

5 | Conclusions

The high prevalence of AEs in Mexican hospitals constitutes a
significant patient safety challenge that requires coordinated
action from healthcare professionals, administrators, policy-
makers and other stakeholders to minimise patient harm.
Similar issues may affect other high-, middle- and low-income
countries where reliable measurement methods have not yet
been applied. The IHI-GTT method should be considered the
preferred approach for hospitals seeking to estimate the prev-
alence of AESs, given it demonstrated reliability and adaptability.
Ensuring the involvement of independent, experienced re-
viewers is essential in both public and private institutions.
Moreover, using a census of at least 1 month of hospital dis-
charges, rather than smaller samples, provides a more accurate
estimate of the true magnitude of the problem. Finally, efforts
to reduce AEs should prioritise safer prescribing practices to
prevent medication interactions, stronger supervision of pro-
cedures and minimising unnecessary invasive interventions,
rather than relying solely on additional resource allocation.
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